Leishmaniases are among the top emerging diseases in the world (Shaw 2007) , and their spread depends on the distribution of vector species of sand ßies. These insects exploit many varieties of microhabitats in tropics and subtropics (Mohsen 1983 ). The Indian subcontinent, consisting of diversiÞed physiographic conditions, has many foci of both visceral and cutaneous leishmaniasis. Visceral leishmaniasis, earlier conÞned to Bihar (Prasad 1987 , West Bengal (Addy and Nandy 1992) , Jharkhand, and Uttar Pradesh (Rao et al. 1992) , has extended to adjoining states, Gujarat and Madhya Pradesh (Dey et al. 2007) . Cutaneous leishmaniasis once restricted to hot dry north western region, particularly in the western Thar Desert of Rajasthan (Sharma et al. 2003 (Sharma et al. , 2005 , has spread to Assam (Baishya and Hazorika 1996) , Haryana (Verma et al. 1979) , Himachal Pradesh (Sharma et al. 2003) , and recently to Kerala (Simi et al. 2010 ).
Many workers have studied distribution of sand ßies in India in relation to rainfall, temperature, and relative humidity (Lodha et al. 1971 , Sharma et al. 1973 , Kalra and Lewis 1976 , Dhanda et al. 1983 , Kalra et al. 1986 , Mahapatra et al. 1991 , Kumar et al. 1992 , Srinivasan et al. 1993 , Bansal et al. 1996 , Singh Karam 1999 , Dinesh et al. 2005 , Thakur 2006 ). However, information is scanty on the inßuence of environmental factors, such as type of landform, surface soil pH, land usage, and type of dwelling, on the sand ßy abundance and diversity. The current study has been undertaken to explore the inßuence of environmental factors on sand ßy abundance in Puducherry district, Puducherry Union Territory, located on the coastal plain of the southern India.
Materials and Methods
Puducherry, previously known as Pondicherry, one of the Union Territories of India, is a former French colony, consisting of four noncontiguous districts viz., Puducherry, Karaikal, Mahe, and Yanam. The entire territory has a total area of 492 km 2 . Among them, Puducherry district (11Њ 55Ј48Љ N, 79Њ 49Ј48Љ E) is the largest, stretching over 293 km 2 area, with 973,829 inhabitants (Census 2011). Its elevation ranges from sea level at the coast to 30 m inland with little topographical relief, intersected by the Gingee River diagonally from westÐnorthwest to westÐsouth-west and the Pennaiyar in the southern border. Four main landform occur here, viz., ßuvial, limestone, sandstone, and marine (NBSS and LUP 1992) . Rice, sugarcane, legumes, and coconut are the major crops. The district has two Municipalities and Þve Commune Panchayats comprising 169 areas, including 27 towns and 142 villages (Census 2001) .
Study areas were chosen using a grid sampling technique, to the scale of 2,000 ϫ 2,000 m (Gyapong and Remme 2001) , and sand ßy abundance in approximately half of the villages or towns was assessed in relation to several environmental factors. At least one village was chosen per grid scale from the rural area, where the villages are scattered, whereas more than one village or town were chosen per grid scale, from the more congregated urban areas. In total, 81 villages or towns from rural and urban areas were chosen for the studyÑ 8 from Ozhukarai and 14 from Puducherry Municipalities; and 6 from Ariyankuppam, 14 each from Bahour and Mannadipet, 10 from Nettapakkam, and 15 from Villianur Commune Panchayats (Fig. 1) . The geographical coordinates were collected using a geographical positioning system for each village. Data on the types of housing, vegetation, land usage pattern, occupation, and irrigation pattern in each study site were collected. Surface soil pH was estimated following the methods described by SchoÞeld and Taylor (1955) .
Because hand capture method has been reported to be the most effective of all the methods used for sand ßy collection (Hati et al. 1987) , this technique was selected for sampling. Sand ßies were collected from indoor (human dwellings and cattle sheds) and outdoor resting places (tree holes, tree buttresses, termite mounds, and bushes) between 0930 and 1230 hours in each of the villages or towns selected. From each type of habitat, six sites were chosen randomly and searched thoroughly for sand ßies, spending 5 min in each (30 min per habitat). Glass aspirator tube or mechanical aspirator and ßash light were used. The collections were made between November 2006 and October 2008. Sand ßies collected were identiÞed using standard keys (Lewis 1978) . The relative density, that is, number of sand ßies collected per human per min, was estimated, dividing the total number of sand ßies obtain by the total minute spent. Seasonal inßu-ence on sand ßy abundance was also determined.
Meteorological data on temperature, rainfall, and relative humidity (2000 Ð2010) for the Puducherry district were obtained from the Regional Meteorological Department, Chennai. Puducherry district has a homogeneous and maritime climate, characterized by a yearly range of temperature (average low 22ЊC and average high 39ЊC), humid weather (Ͼ70% relative humidity [RH]), and moderate rainfall (average of 1,150 mm). March to July are the hotter months. August and September constitute southwest monsoon period, whereas October and November form the northeast monsoon season. December to February are relatively cooler months.
Data Analyses. The number of sand ßy resting habitats varied in different villages or towns depending on the availability. Therefore, sand ßies collected from each habitat and village or town was standardized by converting them into density per man-minute. Sand ßy density was subjected to a hierarchical cluster analysis, to determine the most inßuencing character- istic at different density levels, during November 2006 and October 2008, using average linkage method between groups and squared Euclidian distance measure, and the 81 sites were classiÞed into three categories, viz., category IÑvillages or towns with high density, category IIÑmedium density, and category IIIÑno or low sand ßy density. A two-factor 2 test was made to Þnd the association between the sand ßy density and environmental variables such as seasonal change, types of rural and urban area, types of habitat, land usage pattern, landform, and surface soil pH. Besides, the association of the no or low, medium, and high density clusters with landform, land usage pattern, types of rural and urban area, type of dwellings, and surface soil pH was also determined. A one-way analysis of variance (ANOVA) test was also performed to know inßuence of environmental factors on sand ßy density. The statistical analyses were carried out using SPSS version 19.0, and P Ͻ 0.05 was used for level of signiÞcance.
Results
Of the 81 villages surveyed, sand ßies were obtained from 65 villages. In total, 1,319 sand ßy specimens comprising 12 species in two genera, viz., Phlebotomus and Sergentomyia, were collected. The sand ßy species recorded were given in Table 1 (DecemberÐFebruary) . Phlebotomus (Larroussius) major Annandale was recorded only in hotter months (MarchÐ July), and Se. (Sin.) clydei was observed both in hotter months and monsoon months (AugustÐNovember). Although seasonal density of sand ßies ßuctuated between 0.14 (Ϯ0.18) in hotter months (32Ð39ЊC) and 0.11 (Ϯ0.14) in monsoon months (21Ð32ЊC), the variation was within statistical limit (F ϭ 1.269; df ϭ 2,396; P ϭ 0.282).
The cluster analysis showed 8 villages or towns in high-density group (cluster I), 35 in medium-density group (cluster II), and 38 with no or low sand ßy-density group (cluster III) (Fig. 2) . The sand ßy density (mean Ϯ SD), with range in all three clusters of the study site, is given in Table 2 . Sand ßy density varied signiÞcantly (F ϭ 196.342; df ϭ 2,78; P ϭ 0.001), and it was 10-and 5-fold higher in high-density group and medium-density group, respectively, compared with the no or low-density group. The high-density group comprises 100% rural areas with thatched mudand-wattle dwelling, and the inhabitants are involved exclusively in rice cultivation. The landform was completely ßuvial with a surface soil of alkaline pH. This soil, which has a high water retention capacity, promotes rice cultivation. These factors appeared to favor greater sand ßy abundance. The soil map also showed a general increase of sand ßy abundance toward the northwest of the study district, which coincides with the ßuvial soil deposits found in this direction (Fig. 2) .
Although the medium-density group was located predominantly in the rural areas with thatched mudand-wattle dwelling, the types of landforms were diverse with differing land usage patterns. In this group, the contribution of ßuvial landform was 42.9%; alkaline surface soil pH was 67.1%; and supporting rice cultivation was 72.9%. With varying land use patterns, the sand ßy larval habitats were probably restricted, and therefore, the sand ßy density was found moderate. In the no or low-density group, which has urban and rural areas with almost equal portion of thatched mudand-wattle dwellings and reinforced concrete-cement dwellings, the proportion of ßuvial land form was only 18.5%; alkaline pH in surface soil was 36.8%; and rice cultivation was 47.4%. The restricted rice cultivation possibly affected sand ßy abundance in this group.
When individual inßuencing factors were analyzed using the ANOVA test, sand ßy density was signiÞ-cantly (P Ͼ 0.001) higher in rural areas (0.14 Ϯ 0.17) compared with urban (0.04 Ϯ 0.08) ( Table 2 ). The density was signiÞcantly high (P Ͼ 0.001) among thatched mud-and-wattle dwelling (0.16 Ϯ 0.17) and low in reinforced concrete-cement buildings (0.03 Ϯ 0.08). The microclimatic conditions, that is, light intensity (Ͻ500 Lux) and temperature (22Ð30ЊC), prevailing among thatched mud-and-wattle dwelling were optimum compared with those observed in reinforced concrete-cement buildings (Ͼ10,000 Lux; 
0.2 25Ð34ЊC). Sand ßy abundance also varied signiÞcantly with the types of resting habitats (P ϭ 0.001). The density was the maximum among tree buttresses (0.28 Ϯ SD 0.33), followed by tree holes (0.15 Ϯ 0.14), termite mounds (0.13 Ϯ 0.17), cattle sheds (0.10 Ϯ 0.09), and human dwellings (0.08 Ϯ 0.13). Landform types, surface soil pH, and land usage pattern also inßuenced the density signiÞcantly. Over all, sand ßy abundance was relatively higher in rural areas, with ßuvial soil and alkaline pH.
Discussion
Several sampling methods are used for capturing sand ßies in various parts of the world. Yet, standardized approaches that permit comparison between sea- Category I, high density ϭ mean 0.318 Ϯ 0.25, n ϭ 8, range 0.27Ð 0.35, category II, medium density ϭ 0.16 Ϯ 0.04, n ϭ 35, range 0.09 Ð 0.26; and category III, no or low density ϭ 0.035 Ϯ 0.33, n ϭ 38, range 0.00 Ð 0.09. sons and areas vary depending on the situation (World Health Organization [WHO] 1984) . The Centers for Disease Control and Prevention light trap has been reported to be effective under certain situations, particularly in forest areas, which were not easily accessible (Rotureau et al. 2006) . In another study, from West Bengal, India, known for visceral leishmaniasis cases, it was reported that hand-capture technique was the most effective method for measuring sand ßy density, compared with bait landing capture, pyrethrum spray-sheet capture, exit-trap, and sticky-paper, as this method was simple, less time consuming, and giving uniform result, even during inclement weather (Hati et al. 1987) . Sand ßy sampling using light traps was found to attract mainly Ph. (Eup.) argentipes population, in one of the areas of Kerala, India (V.C.R.C., unpublished data).
Although Ph. (Eup.) argentipes, the vector of kala azar in India, was the predominant species in Puducherry Union Territory in all the habitats, the density was low when compared with that reported in endemic areas of Bihar (Kumar et al. 1992) . Therefore, this area is free from visceral leishmaniasis because of the lack of parasite carriers. Sand ßies collected in each habitat were combined for the analysis to determine the inßuence of environmental factors; a separate analysis was not made for Ph. (Eup.) argentipes owing to its low number.
Sand ßies were abundant throughout the year in this part of Union Territory. The maritime climate prevailing in this coastal area provides favorable conditions for perpetuation in all the seasons. However, the densities increased slightly in the hotter months and fell in monsoon season, corroborating an Israeli report, where the maritime climate favored sand ßies to reach maximum density in summer (Wasserberg et al. 2003) . Sudhakar et al. (2006) in Bihar, India, Fryauff et al. (1993) in Sinai, Egypt, and Hassan et al. (1999) in Nekhel, Egypt, had reported that sand ßy abundance has association with widespread water bodies. Elnaime et al. (1998) reported that sand ßy abundance showed an association with black cotton soil (vertosolic) in eastern Sudan, based on the ground-based survey and a geographical information system. Wasserberg et al. (2003) in Israel reported that sand ßy abundance was higher in sites with moist soil.
In the present investigation, it is observed that the ßuvial landform favored sand ßy abundance. This landform was nonporous with high water retention capacity and high alkaline pH and supported rice cultivation and luxuriant vegetation. Other types of landforms, such as limestone and sand stone, having poor water retention capacity with acidic or slightly alkaline pH and suitable for dry-land farming, a type of agriculture in which cash crops such as groundnuts (Arachis hypogaea), Casuarina sp., cashews (Anacardium sp.), sugarcane (Saccharum officinarum), and so forth, were cultivated with minimum water supply, supported sand ßy to a medium density. The marine landform, which was highly porous with poor water retention capacity and high acidic pH, supported vegetation such as coconuts (Cocus nucifera) and cashew in this area. Sand ßy population has a limitation for increased growth owing to lack of suitable habitat in urban areas and rural villages located on lime sandstone and marine landform or coastal strips.
